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  The purpose of this study was to generate ergonomic analysis tools to lay 
the foundation for XYZ Company to determine the potential ergonomic risk 
factors that were contributing to cumulative trauma disorders injuries.  This 
research was conducted through reviewing relevant literature, available records, 
and walk-through assessment.  The product of this research was the development 
of an Ergonomic Task Hazard Assessment and a Worksite Checklist tool.  These 
tools will help XYZ Company analyze, track, document, and evaluate risk 
elements that were identified and generated to abate ergonomic deficiencies.  The 
data collected through these elements will allow management to prevent 
recurrence of potential exposure to ergonomic-related injuries/illnesses, increase 
profitability, and more effective application of ergonomic principles in the 
workplace.   
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CHAPTER ONE 
Statement of the Problem 
Introduction 
 
 XYZ Company began operations in 1993 as an alternative low cost to the 
main plant.  The company operated with part-time employees as the main 
production employee base referred to as “focus factory” by XYZ.  The ABC 
headquarters where XYZ branched from, was unionized and then experienced 
high costs.  Therefore, the aim of XYZ Company was to reduce production 
dollars while providing high output.  XYZ has 50 part-time employees and three 
full-time support staffs.     
In 1994-1995, there was tremendous business growth.  Production demand 
doubled for XYZ products and increased factory workforce to over 150 part-time 
associates.  Support positions were added for Manufacturing Engineering, 
Electronic Technicians, Quality, and Human Resources.  A Product Service 
Repair (PSR) Center was also established to repair defects of the products. 
 In 1996, there was a manufacturing transition.  Manufacturing philosophy 
moved away from “focused factory” concept toward a “self-contained facility” 
which no longer depended on the main headquarters plant.  The focused factory 
philosophy was an experiment in that it was to provide low cost production and as 
production demands increased, it was able to become independent and operated 
self sufficiently.  This created more job opportunities and employees made the 
transition from part-time to full-time, with 100 full-time and 50 part-time 
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positions.  At that time, XYZ became the first plant to receive ISO 14000 
Certification and also became home of the Electronics Operations Interface (EOI) 
product line. 
  In 1997, with the addition of technical support staff in electronics 
manufacturing, the company expanded from 42,000 to 89,000 square feet.  Then, 
nine product lines were transferred to XYZ through 1998 and 1999.  As new 
product lines were set up, more departments were created to meet the production 
requirements.  This growth created an expansion of existing facilities and a higher 
risk for potential ergonomics injuries and illnesses.   
As a result, XYZ’s lost workdays that included lost workdays with work 
restrictions generated a 4.9 statistical incident rate.  This was a high rate 
compared to the Bureau of Labor Statistic (BLS).  According to (BLS) in (1998), 
within the electrical industrial apparatus Standard Industrial Classification (SIC) 
code 3629, the average incident rate within this industry was 3.2 (BLS, 1998).  
Thus this incident rate was above the average incident rate as compared to 
industry.  
 This incident rate of XYZ included injuries/illnesses to shoulder, hand, 
wrist, and or forearm.  Many of these injuries/illnesses resulted in lost work and 
restricted days.  Although XYZ has an annual task hazard assessment procedure 
and ergonomics analysis procedures, accidents/incidents still occur.  There were 
seven accident cases in a short period of time that required medical treatments. 
  
11
The OSHA 200 log files were reviewed which showed that there have been 
injuries/illnesses occurring last year and this year.    
Purpose of the Study 
  The purpose of this study was to generate ergonomic tool used to evaluate 
workstation design from an ergonomics perspective. This will assist in identifying 
the factors that have contributed to cumulative trauma injuries/illnesses of the 
operators that will hopefully lead to corrective actions performed by XYZ. 
Goals of the Study 
 
 This study has numerous goals.  They are to: 
1. Determine the hazard risk element related to ergonomic 
injuries. 
2. Develop analysis tools for ergonomic injuries related to 
assembly line workstations. 
3. Identify the protocol for analysis tool use. 
Background and Significance 
Each year, 1.8 million workers have musculoskeletal disorders (MSDs) 
related to ergonomic factors and 600,000 workers lose time from their jobs 
because of these injuries, making repetitive strain injuries the nation’s biggest job 
safety problem. Occupational Safety and Health Act (OSHA) estimated that 
employers who need to correct problems would spend an average of $150 a year 
per workstation fixed.  The total cost is estimated at $4.2 billion a year.  In 
addition, the Labor Department estimated the new rules could prevent injury to 
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about 300,000 workers annually and save the United States economy $9 billion.  
Ergonomic injuries currently cost $15 billion to $20 billion annually for worker’s 
compensation and $30 billion to $40 billion in other expenses such as lost wages 
and medical care. (OSHA’s Ergonomics Program, 2000).  Thus the costs of 
injuries seem to be out of control, and prevention almost unattainable. 
The seven cases of ergonomic injuries/illnesses that occurred at XYZ 
amounted to approximately $85,000.00 from 1999 to present.  Company owners 
must realize that ergonomic loss prevention efforts can contribute to the 
company’s profitability, but can only do so with endorsement and support of 
them.  The ergonomic effort must be an operational strategy, which includes: 
determining the hazard risk elements related to ergonomic injuries, developing 
analysis tools for ergonomic injuries related to assembly line workstations, and 
tracking tools for improvement feedback and modification process. 
Definition of Terms 
! Awkward Posture: The positions of the body (e.g., limbs, joints, back) that 
deviate significantly from the neutral position while job tasks are being 
performed. 
! Carpal Tunnel Syndrome: A nerve entrapment disorder arising from 
compression of the median nerve as it passes through the carpal tunnel in the 
wrist resulting in pain, tingling, and/or paralysis in the fingers. 
! Contact Stress: It is resulting from occasional, repeated or continuous contact 
between sensitive body tissue and a hard or sharp object. 
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! Cumulative Trauma Disorder: The body part of a group of illnesses that 
occurring in the upper extremities of muscle, tendon, and nerve disorders that 
are caused, accelerated, or aggravated that due to risk factors such as 
repetitive motion, posture, force, and duration. 
! Ergonomic Risk Factors: The aspects of a job or task that impose a 
biomechanical stress on the worker. 
! Ergonomics:  The science of adapting the work and work environment to suit 
the needs of the worker and applying that information to the design or 
operation of products or systems for optimizing human performance, health, 
and safety. 
! Force:  The amount of physical effort that is required to accomplish a task or 
motion. 
! Injury: It is any injury or disorder such as a cut, fracture, sprain/strain, etc., 
that results from a work accident or exposure to the work environment. 
! Illness: It is any abnormal conditions or disorder other than an injury that is a 
consequence of exposure to environmental factors related to work and the 
workplace such as cumulative, and chronic illness or disease. 
! Ligament: It is the connective tissue resembling a tendon except a ligament 
attaches bone to bone. 
! Median Nerve: The great “flexor” nerve of the upper extremity.  It supplies 
motor function to the forearm flexor muscles and the thumb’s muscles and 
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sensory function to the palm and the digits from the thumb to the center of the 
ring finger. 
! Musculoskeletal Disorder: An injury/illness of soft tissues of the upper 
extremity such as fingers through upper arm, shoulders and neck and lower 
extremity from the hips to toes.  It is primarily caused by workplace risk 
factors, such as sustained and repeated exertions or awkward postures and 
manipulations. 
! Nerve: A collection of nerve fibers in the peripheral nervous system. 
! Osteoarthritis:  A condition caused by the inflammation, breakdown, and loss 
of the cartilage “cushion” between the bones. 
! Radial deviation:  Bending the hand at the wrist in the direction of the thumb. 
! Repetition:  The motions that are repeated again and again with little variation 
may cause fatigue and overuse of the muscles, tendons, and joints that 
involved in the exertion. 
! Restricted Workdays: The employee is not capable of performing his or her 
normal work activities or the activity he or she was performing at the time of 
the injury or illness, at full capacity, for a full work shift. 
! Rheumatoid Arthritis: A condition when antibodies are the blood designed to 
attack viruses mistakenly fight the bodies’ healthy tissues resulting in 
inflammation of body organs.   
! Symptoms: The physical indications that worker may be developing an work-
related musculoskeletal disorder. 
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! Tendon: It is connective tissue resembling a tough cord or band and always 
part of a muscle, usually forming an attachment of muscle to bone. 
! Ulnar Deviation:  Bending the hand at the wrist in the direction of the little 
finger. 
! Vibration:  The oscillatory motion of a physical body (e.g., electrical drill, 
punch press). 
! Walk-through assessment:  A step-by-step method that requires users to 
undertake and explain some evaluation of a job task in a working 
environment.  The main reason is to determine whether the workload that is 
imposed by a particular job task will be feasible for a user, and to assess the 
effects of risk factors upon job task performance. 
! Work-Related: An injury or illness is work-related if an event or exposure in 
the work environment either caused or contributed to the resulting condition 
or aggravated a pre-existing condition.  The accident must occur at the 
employer’s premise or as a consequence of a work activity performed as a 
course of employment. 
Limitations of the Study 
 
 This study contains a hazard risk level/assessment process and an 
ergonomic checklist, which can be used to identify contributing factors to 
ergonomic-related injuries/illnesses.  These two analysis tools will aid in the 
identification of contributing factors to ergonomics issues, but will not generate 
specific recommendations for abatement.  The hazard risk level/assessment 
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process and ergonomics checklist is specific to the workstations at XYZ facility.  
It may not be useful in other industries.  
Summary 
XYZ Company first began as an alternative low cost production branch 
out of the main plant.  As production increased, XYZ Company expanded to 
become independent.  With expanded production, workstation designs and 
structures also developed and expanded.  As with all expansion, it has its pluses 
and minuses.  More potential risks and injuries/illnesses than previously 
experienced were generated especially cumulative trauma disorders incurred by 
employees.  Identifying factors and generating abatements with formal written 
tools was needed.  Thus, contributing factors can be reviewed by implementing 
the developed tools. 
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CHAPTER TWO 
Review of Literature 
Co-authors Judith Ostendorf, a Clinical Instructor, Dr. Bonnie Rogers, 
Associate Professor and Director of the Occupational Health Nursing Program in 
the School of Public Health at the University of North Carolina at Chapel Hill, 
and Patricia Bertsche is Principle Specialist of Occupational Health at Abbott 
Laboratories in Abbott Park of Illinois wrote an article called “Ergonomics” 
which discussed the origin of how ergonomics was started as a science.  They 
noted that Wojciech Jastrzebowski, a Polish scholar, philosopher and naturalist, 
was the first to define and use the concept of “ergonomics” in the nineteenth 
century.  The root of the word ergonomics came from the Greek word ergos 
meaning “work” and nomos meaning “natural law of.”  Thus, ergonomics is 
simply the study of work and the relationship between workers and their work 
environment.  Ms. Ostendorf and co-authors highlight that ergonomics is a 
science because it focuses on job design and prevention of cumulative trauma 
disorders (CTDs) by ensuring that jobs processes, work tasks, workstations, tools, 
equipment, and interaction relationship of the work fit the employee (Ostendorf, 
Rogers, and Bertsche, 2000, p. 17). 
The history of CTD went back nearly 300 years ago when Bernardino Rammazzini, the 
father of occupational medicine, identified that certain diseases were attributed to 
“irregular motions” and “unnatural postures” which over time lead to discomfort, 
pain or impaired function.  These repetitive motion injuries (RMI) also called 
cumulative trauma disorders (CTD) were injuries of the musculoskeletal and 
nervous systems that may be caused by repetitive tasks, forceful exertions, 
segmental vibrations, mechanical compression (pressing against hard surfaces), or 
awkward positions.  Cumulative Trauma Disorders (CTDs) were increasing in 
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number at a high rate and were the most costly.  The injuries and money involving 
CTDs has increase tremendously in recent years.  In 1994, there were 332,000 
CTD cases reported according to the Bureau of Labor Statistic resulting in a 1,443 
percent increase from 1972 when the numbers of recorded cases were 23,800.  Of 
the 23,800 cases in 1972, there were 270,000 lost workdays documented 
(Ostendorf, Rogers, and Bertsche, 2000,p. 17).  
The estimated cost of CTD was one in every three dollars spent on workers’ 
compensation costs.  Ostendorf and co-authors summarized at this rate, there was 
an estimated $15 to $20 billion spent on direct costs such as medical expenses and 
indemnity annually.  In addition, the indirect costs of these injuries are four fold.  
It has been estimated that approximately $60 billion dollars were spent annually 
on indirect costs such as lost work days and restricted days, training injured 
employees returning to work, and training new employees to replace injured 
workers (Ostendorf, Rogers, and Bertsche, 2000, p. 17).   
Ostendorf continues by highlighting that ergonomics goes a long way 
back, and its impact is huge to the industry and economy in general.  Probably the 
most important aspect of ergonomics is its impact on the workers such as forceful 
exertions, awkward postures, repetition, and duration.  These risk factors are the 
four main categories of ergonomic injuries.  Awkward postures include working 
with arms above the shoulders, lifting, lowering, or handling objects with the back 
bent or twisted, and twisting or bending of the wrists, waist, shoulders, and neck.  
These different awkward body postures and positions create biochemical stress to 
the upper extremity joints and surrounding soft tissues resulting in decreased 
strength to these body parts, muscles, and joints.  Force is a risk factor when a job 
task requires excessive manual power and muscle efforts to complete a task.  As 
the muscle efforts are increased to meet the task demand, the circulation of blood 
and oxygen to the muscle is decreased resulting in rapid muscle fatigue 
(Ostendorf, Rogers, and Bertsche, 2000,p. 17).   
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Ostendorf feels that job tasks which require a high rate of repetition also 
require a longer recovery time.  As muscles and joints are stressed, they need time 
to naturally repair.  If natural repair does not occur, muscle and joint soreness can 
progress to more severe problems.  The risk of injury increases dramatically when 
there are more than one-risk factor involved such as awkward postures combined 
with force and repetition.  Unfortunately, safe repetitive tasks have not been 
determined, so until further data can provide management a more concise method 
of measuring safe repetitive tasks, all repetitive tasks are assumed to be 
hazardous.  Duration can magnify an injury if a worker is continually exposed to a 
risk factor.  In general, tasks that require sustained muscle contraction require a 
longer period of time to rest and recover.  The longer a worker is exposed to a risk 
factor determines the length of recovery time.  Contact stressors, such as sharp 
edges of tools or work surfaces, may press against the palm or other body parts 
creating a pressure, which causes nerve compression and muscle fatigue due to 
the lack or obstruction of blood flow. Engaging in activities using vibrating tools 
can lead to the constriction of small blood vessels of the hands, wrists, and arms 
resulting in damaged nerves.  Recreational activities can increase the chances of 
developing an injury. Recreational activities such as tennis, golf, baseball, 
swimming, use of home computers, and video games have been identified as 
contributing to CTDs.  Exposure to cold less than 50 degrees Fahrenheit impair 
hand sensory and motor function because of decreased circulation leading to 
reduce motor dexterity and symptoms of nerve end impairment.  Factors such as 
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biology and lifestyles can contribute to a higher risk for CTD.  For example, 
women are three times more likely to develop CTD because of a smaller frame 
and grip.  Individuals over 40 years of age are at a higher risk due to perhaps a 
change in lifestyle and the aging process.  There are so much more risk factors to 
developing CTDs than simply working.  These factors range from the work habits 
to life styles and the environments people live in. (Ostendorf, Rogers, and 
Bertsche, 2000, p. 17).   
Mathew Swartz holds a B.S. in Occupational Safety and Health from 
Millersville University in Pennsylvania; he is a professional member of the 
American Society of Safety Engineering’s (ASSE) Central Pennsylvania Chapter 
and Chair of ASSE’s Professional and Educational Standards Committee.  He 
provides a deeper insight into the carpal tunnel syndrome, which is the most 
common type of CTDs currently affecting about 8 million Americans.  Carpus 
was a word derived from the Greek word “karos” which was “wrist” which 
became the name for the eight bones in the wrist called carpals that formed a 
tunnel-like structure in the wrist, hence, its name carpal tunnel syndrome.  
Symptoms of carpal tunnel syndrome may include pain, numbness, tingling in the 
hands and wrists, and especially the thumbs, index, and middle fingers.  The 
sensation and pain are felt when the median nerve is irritated which runs through 
a tunnel in the wrist formed by a combination of ligaments, tendons, and small 
carpal bones with irritation the nerve swells putting pressure on the tunnel, thus 
generating carpal tunnel syndrome.  (Swartz 1998, p. 28-30). 
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 Dr. Steven G. Atcheson is a board-certified rheumatologist practicing in 
Reno, Nevada.  He presented evidence contrary to what workers and employers 
may think about CTS.  In his article, he noted George S. Phalen who did much 
research in the 1950’s and 1960’s regarding CTS.  Phalen discovered that 
personal factor such as diabetes mellitus, thyroid disease, rheumatoid arthritis, 
osteoarthritis of the wrist, gout, obesity, and even pregnancy can provoke 
symptoms similar to CTS (Atcheson 1999, p. 49).   
 
 
 
 
 
   Table 1. Associated Diseases in 297 Patients with  
         Work-Related Arm Pain or Carpal Tunnel Syndrome 
 
    Disease                                                           Number of Patients (%) 
     Metabolic 
       Hypothyroidism 
       Diabetes mellitus 
       Gout 
       Hypercalcernia 
       Hyperthyroidism 
41              (13.8) 
18              (6.1) 
17              (5.7) 
3              (1.0) 
2              (0.7) 
1                     (0.3) 
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    Inflammatory 
       Unclassified 
       Spondyloarthropathy 
       Rheumatoid arthritis 
       Seronegative arthritis 
       Raynaud’s phenomenon/SLE 
33 (11.1) 
12 (4.0) 
7 (2.4) 
5                  (1.7) 
5                     (1.7) 
      4                     (1.3) 
    Osteoarthritis 
       Wrist 
        Finger 
        Cervical spine 
        Elbow 
        Other 
    35                    (11.7) 
    18                      (6.1)               
      7                      (3.4) 
      4                      (1.3) 
      3                      (1.0) 
      3                      (1.0) 
    Acute Trauma/RSD 
        Wrist 
        Hand/forearm/elbow 
        RSD (5 with acute trauma) 
29 (9.8) 
15 (5.1) 
8  (2.7) 
6                      (2.0) 
    SLE = systemic lupus erythematosus 
    RSD = reflex sympathetic dystrophy 
Table 1.0 Patient with Work-Related Arm Pain or Carpal Tunnel Syndrome 
(Atcheson, 1999). 
 
Atcheson used the findings in the chart above (Table 1.0) by Phalen as 
evidence to indicate the number of misdiagnosed CTS.  He stated that it is 
common for workers to get carpal tunnel surgery to correct an injury/illness 
without realizing that 95 percent of the time, the surgery did not correct the 
symptoms.  The reason being that other factors rather than work also contribute as 
much stress to the body, and when the focus is set just on the work related factors, 
an injury/illness can be misdiagnosed (Atcheson 1999, p. 49).          
Atcheson (1999, p. 49) noted one particular case involving a woman in her 
late fifties whose career was a professional card dealer.  She had worked at her 
job for more than 30 years.  She assumed that her thumb pain was work related 
and had surgery performed. After surgery, when her pain did not go away, she 
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went through intensive blood tests and found that her serum thyroid-stimulating 
hormone level was not normal.  She was put on thyroid hormone replacement for 
5 months and reported that the pain disappeared and her energy level had gone up.  
She continued to work as a card dealer with no more complaints.  
 In 1985, the Occupational Safety and Health Administration (OSHA) 
required the recording of CTD incidents and since then the cases have gone up 
each year.  CTS has been the fastest growing category accounting for more than 
40 percent of work-related disabilities recently, as seem in the graph below 
labeled figure 1.0:  
 
Figure 1.0 The statistics of Occupational illness, Cumulative Trauma Disorders, 
and Illness other than Cumulative Trauma Disorders (Atcheson, 1999). 
 
It has been estimated that about 26,000 CTS patients in the United States receive 
surgery to correct the injuries each year.  It is unfortunate that surgery usually 
does not solve the problem because many workers do not even have CTS.  Some 
of the people who actually have the symptoms have it as part of another unknown 
factor.  Atcheson noted a different study done by Peter A. Nathan and Richard C. 
Keniston who studied a group of employees of similar age under worker’s 
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compensation, and industrial workers and other controlled groups in the United 
States and Japan.  They found that variables such as age, obesity, wrist 
dimensions and physical inactivity were stronger risk factors for CTS than 
workplace factors such as repetitive motion and forceful hand use.  (Atcheson 
1999, p. 49). 
Richard Cohen stated that there are several approaches used to identify 
ergonomic risk conditions.  The method used may depend on the managerial 
philosophy of the company, level of analysis and personal preference.  Cohen 
(1997, p. 145-149) has identified four approaches to identify ergonomic risk 
conditions.  A good place to begin is with the review of the OSHA 200 Log.  It 
contains data such as the frequency, incidence rate, and severity rate of 
cumulative trauma injuries/illnesses (carpal tunnel syndrome, upper extremity 
tendonitis, and low back strain/sprain).     
Secondly, analysis of ergonomic checklist and/or worker survey helps 
with information on the types of potential injuries, duration, and exacerbation of 
symptoms that can be suggestive of conditions associated with ergonomics risk 
factors (e.g. sore neck/shoulders, wrist pain).  It is a tool designed to identify tasks 
that involved either symptoms or injuries associate with risk factors.      
Cohen continues with a Hazard Risk Level/Assessment Process that asks 
questions about the work process such as: What was done? How was it done? 
How long was it done? may be posed to reveal the presence of the risk factors.  
Also, questions about work method complaints: Was it difficult to perform the 
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task? Did the worker report pain, numbness, or tingling affecting the median 
nerve distribution of the hand?  Cohen suggested the use of the guidelines in the 
worksite assessment identify the hazards.   
 Personnel from each department should meet to determine the potential 
hazards that exist in each department.  This method is similar to a facilities walk-
through assessment with an understanding of the work process and worker 
schedules where the work site is observed for the presence of the risk factors. A 
general risk factor summary assessment can be applied to each job and to jobs 
already identified as characterized with ergonomic risk conditions. Each company 
should choose the method that is most appropriate to its use and efficiency.  
Cohen notes that it should be remembered that the core element is to prevent or 
eliminate any potential risk and hazard in the workplace. (Cohen 1997, p. 145-
149). 
The aim of ergonomics is to design safe workstations to fit the worker, to 
eliminate potential risks, and reduce injuries in the workplace.  According to 
Torsten Bunning’s article on “Designing Ergonomically Sound Assembly 
Workstations” there are seven basic steps to design of a good workstation.  When 
manual assembly workstations are properly designed to fit a worker’s physical 
stature, the result can “maximize worker efficiency, safety, morale, and overall 
productivity.”  It has been estimated that for every dollar spent to improve 
ergonomic conditions, there was $6 in return (Bunning, 1998).  
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Bunning explains that ergonomically sound workstations should be easily 
adjustable and designed for each specific task so that they are comfortable for the 
employee and are appropriate for the job being performed.  Specific attention 
shall be paid to static loading of muscles, work activity height, reach 
requirements, force requirements, sharp or hard edges, proper seating, support for 
the limbs, equipment orientation, and layout of the workstation.  He states that 
there are the seven basic steps to designing ergonomically sound workstations.  
The first step is to consider the work height.  The height of the work surface must 
accommodate the type of work a worker will perform, the postures, movements, 
and range of employee body size.  
The second step was to consider the size of grab area.  There are three 
grab areas that have been identified.  They are “maximum, optimum, and two-
hand” as seen in figure 2.0 below:   
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Figure 2.0 Size of grab area should minimize worker’s reaching and twisting 
(Bunning, 1998). 
 
The objective is to make sure that all supplies needed to complete a task can be 
easily reached.  The maximum grab area in general means allowing 25 inches for 
the worker to lean forward to grab supplies and tools measuring from the 
shoulders as the neutral reference point.  Optimum grab area is allowing 12 inches 
for the worker to lean from the base of the back or torso.  Two-hand grab area is 
about 22 inches measuring from the shoulders (Bunning 1998, p.63-65).   
The third step is to optimize parts container layout which means that parts 
needed to complete tasks should be located as close to the worker as possible for 
easy access and to avoid unnecessary reach further than 15 inches from any angle 
of the workstations.  In addition, parts should be arranged in a way that provides 
for a sweeping motion when grabbing supplies as seen below in figure 3.0 
(Bunning 1998, p. 63-65). 
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Figure 3.0 Parts Containers should be laid out to reduce wasted motion and to 
speed piece part throughput (Bunning, 1998). 
 
The fourth step is always avoiding work above the heart.  When working 
with heights above the heart, there is a decrease circulation of blood, which leads 
to rapid fatigue and a decline in work performance as shown in figure 4.0 
(Bunning, 1998).   
Figure 4.0 For precise tasks, the work-piece should be 2 inches above the elbows 
(Bunning, 1998). 
 
The fifth step is to consider fields of vision, which means that the eyes and 
head should not move when reaching for parts.  The reason for this is that it takes 
three seconds for the head to rotate and for the eye to refocus.  During this time, 
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the work is slowed and production output is lower.  The sixth step is to match 
light intensity to the task.  This is important because the correct lighting for 
different tasks will reduce errors from occurring (Bunning, 1998).   
The seventh step is to properly adjust work equipment to the task.  This 
means to adjust seating positions and postures to the fit the specific task at hand.  
It is important that an ergonomically designed workstation is more comfortable to 
work with and yields more production as shown in figure 5.0.  (Bunning 1998, p. 
63-65). 
 
Figures 5.0 Properly adjust workstation & material shuttles to worker (Bunning, 
1998). 
 
 Waldemar Karwowski, Ph.D., is a Professor of Industrial Engineering and 
Director of the Center for Industrial Ergonomics at the University of Louisville in 
Kentucky, and William S. Marras, Ph.D., received his doctorate in bioengineering 
and ergonomics from Wayne State University in Detroit, Michigan.  They co-
edited a collection of articles into The Occupational Ergonomics Handbook.  
Among the essays in the book, Richard Wells wrote an article on an “Integrated 
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Analysis of Upper Extremity Disorders” dealing with many issues on the upper 
human body.  The focus here was the model for evaluating potential upper limb 
Work Related Musculoskeletal Disorder (WMSD).  This model shows the 
“external factors of force, posture, time variation (repetitiveness), and duration of 
exposure act on the musculoskeletal system.”  These external factors create 
“internal exposures” to the body tissues, muscles, and nerves. (Karwowski and 
Marras 1999, p. 775-792). 
Richard Wells (Karwowski and Marras 1999, p. 775-792) indicated that it 
was more useful to study internal exposures rather than external exposures 
because internal exposures tell us more accurate information in which to base the 
assessment of external factors as shown in the figure 6.0 below: 
Figure 6.0 External exposures to the tissues of the body and internal exposures to 
individual tissues (Karwowski and Marras 1999, p. 780). 
 
  
31
External risk factors are a big influence on the internal exposures the body 
must accommodate.  The term “repetitiveness” has often been used to describe a 
type of work activity that the actual meaning has become vague.   There are three 
general accepted ways of what the word means.  The first meaning describes the 
frequency or the sameness of how many times a job task is repeated.  The second 
meaning defines the manual work a worker must perform and the speed at which 
the work must be completed.  The third meaning explains the many movements 
that are required within a unit of time.  (Karwowski and Marras, 1999).   
The posture of the limbs can create stresses on the tissues, ligaments, and 
muscles of the limb causing uncomfortable movements.  It is an important 
component of task analysis because it creates injuries in four main ways.  First, if 
the limb is postured at an angle toward the floor, it will take as much force to 
support it at that position.  Secondly, positions that require extreme postures will 
create a greater force on the muscles and may compress blood vessels and nerves.  
Thirdly, postures that move limbs further than the optimal working joints will 
impair nerves and tendons around the joints.  Fourth, the lack or change in posture 
is used to evaluate repetition in the work task.  Force has been found to cause 
WMSD by decreasing the strength of tissues and muscles.  The friction and size 
of the object will increase the force required to complete the task and will put 
more stress on the muscles and tendons (Karwowski and Marras, 1999).   
 Richard Wells (Karwowski and Marras 1999, p. 783-792) provided some 
basic things to keep in mind when performing job assessment. Effective 
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assessment tools need to meet two conditions.  The tool or method should not 
only record the risk factors of the workplace but also rate them, and the tool or 
method must rate the severity of contributing risk to the upper limbs for priority 
intervention.  The analysis tool should state the goal to be obtained and the areas 
of assessment.  A good assessment tool should rate individual risk factors and 
determine the potential hazard or risk it will contribute to a worker (Karwowski 
and Marras, 1999).   
 Sometimes there will be a combination of risk factors.  A combination risk 
factor occurs when there exists more than one of the potential risk elements such 
as awkward posture, forceful exertion, repetition, and duration.  When dealing 
with a combination of risk factors, it is important to decide whether the two or 
three potential risk factors should be assessed separately or combined to complete 
the evaluation.  Therefore, it is extremely important to develop a tool that will 
yield true results.  (Karwowski and Marras 1999, p. 775-792). 
In the Occupational Ergonomics Handbook edited by Waldemar 
Karwowski and William Marras, an article included in the handbook written by 
Malcolm Pope and Donald McIntyre suggested that the development of an 
ergonomic injury evaluation system should include tools that are based on 
evaluating both the worker and workstation.  These tools may include: task 
analysis, an ergonomic checklist, and selective quantification.  In addition, the 
analysis tools are for ergonomic injuries related to assembly line workstation, 
essential functions of the job, and task selection.  By using analysis tools, the 
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priority risk levels of injuries/illnesses can be determined. (Karwowski and 
Marras 1999, p.1007-1012).   
Karwowski and Marras continue to pinpoint factors that should be considered 
when using analytical tools: 
! Analytical tools also vary greatly in their style of conclusions.  They may 
provide job prioritization for intervention, or quantification of activities 
associated with increased risk of injury, or recommends a load weight limit 
for lifting on the NIOSH Lifting Guide. 
! The examiner determines which analytical tool was best for evaluation of the 
identified risks based on an understanding of the tool’s application, strengths, 
and weaknesses in the assembly line workstation. 
! An analytical tool can, at best, provide an approximation of the degree 
of ergonomic risk levels.  Once the high risk priority jobs have been 
identified, the analyst should make the proposed corrective actions 
based on the data collection in a particular workstation (Karwowski 
and Marras 1999, p.1010-1013, 1064-1065).      
Karwowski and Marras (1999, p. 1626) noted another article written by Carol Stuart-
Buttle which stated that an ergonomic checklist was an analytical tool that helps 
to identify the physical work risk factors and the general workstation risk 
evaluation associated with job screening.  This approach allows employees to 
answer questions regarding ergonomic exposures in their work area.  In addition, 
management can use this checklist to evaluate the workstation themselves.  When 
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using checklists or other more in-depth job analysis techniques, it is important to 
observe several workers doing a particular job to see if workers of different body 
sizes use different postures or practices to accomplish the task.  Although, the 
ergonomics checklist is an important analysis tool in assessing workplace hazards, 
one must be careful in that a checklist only serves as a reminder about potential 
ergonomics risk factors but it does not prioritize the risk factors. (Karwowski and 
Marras 1999, p. 1626). 
Donald Triggs is an ergonomic consultant/engineer with an Ergonomic Services in 
Milwaukee and currently a graduate student at the University of Wisconsin-
Milwaukee.  Phyllis King, Ph.D., is an associate professor in the Department of 
Occupational Therapy at the University of Wisconsin-Milwaukee and teaches 
graduate level courses in ergonomics, occupational health, and rehabilitation.  
They co-authored an article on job rotation and stated that job rotation is the most 
common and popular form of administrative control due to the inexpensive and 
flexibility of implementation.  This strategy involved moving employees from 
workstation to workstation of different job tasks at specific intervals.  But it must 
be a rotation where workers do something completely different from the previous 
workstation.  Different job tasks must engage different muscle groups in order to 
allow recovery for those already strained by the previous task.  The principle of 
job rotation was to alleviate physical fatigue and stress of a particular set of 
muscles and tendons by rotating employees among other jobs that use different 
muscle-tendon groups. (Triggs and King, 2000).   In addition, Triggs and King 
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(2000, p. 32-34) suggested that the level of success a program achieves was 
directly related to the amount of planning involved in its development.  Thus it 
was important to thoroughly think through the process and goals of the purpose of 
job rotation.  The minimum steps needed to develop a job rotation program are 
follows: 
! Set goals to reduce or eliminate CTDs; 
! Survey existing conditions by creating questionnaire designed to 
obtain employee feedback; 
! Analyze tasks to provide the quantitative data needed to develop job 
rotation schedule; 
! Develop rotation schedule based on both qualitative and quantitative 
data gathered via the questionnaires and job analysis; 
! Rotation schedule must be monitored to make sure employees who 
have difficulty performing new tasks can obtain assistance without 
fear of reproach; 
! Monitor the program by evaluating periodically to ensure that its goals 
are being achieved and expectations met. 
However, job rotation alone will not be effective in reducing repetitive motion injury if 
not combined with the proper design of workstations and it will not be effective 
while the high pace of work persists.  Job rotation cannot be a permanent solution.  
It is only good for a short period of time while better solution are being 
developed. (Triggs and King 2000, p. 32-34). 
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Fred A. Manuele is President of Hazards, Limited, has been a member of ASSE’s Board 
of Directors, a member and president of the Board of Certified Safety 
Professionals, and many other organizations.  He is now currently a member of 
the Advisory Committee to the Institute for Safety Through Design.  He wrote an 
article, which noted that job task analysis methods have been around for decades 
but they have been ill-used due to the mentality that they are too time consuming.  
He provided insights that management should transform “long-established task 
analysis methods to incorporate ergonomics, productivity, cost efficiency, and 
quality.”  This will allow task analysis to be implemented with the other priorities.  
Management has found that after ergonomic improvements have been made, risk 
factors were reduced while productivity and cost efficiency increased (Manuele 
2000, p.18-22).     
Furthermore, it has been found that when employees were given a chance 
to participate in the planning and implementation of ergonomic improvement 
changes they have often come up with better, easier, safer, and more productive 
ways to perform tasks than those recommended by management.  Through 
employee participation, there exists a higher morale and hence improves the 
working environment.  It is important to have employees be a part of the task 
analysis procedure because when workers feel that their opinions matter they will 
try to do their best to keep the workplace a safe and healthy environment 
(Manuele 2000, p.18-22).    
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Manuele felt that task analysis procedures should focus on the aspect that 
relates most to each company’s individual needs and the best likelihood that it 
will succeed.  Task analysis need to be thought of as important as other factors 
within a company such as cost efficiency, productivity, and quality in order to 
work successfully.  Nothing will come of anything if task analysis is not made a 
priority.  Manuele (2000, p. 18-22) has proven that when task analysis procedures 
are incorporated into the organization’s core values the benefit is that changes for 
improvement occur faster and commitment exists by management.  It is important 
that task analysis is not looked upon as a separate issue only dealing with health 
and safety.  Management needs to make task analysis part of the organizational 
culture (Manuele, 2000).  
Summary 
The literature review had brought to light the many facets and causes of cumulative 
trauma disorders (CTDs), and several ideas about tools that can evaluate changes 
that can ergonomic stress.  In addition, the literature had established ergonomic 
risk factors such as: awkward positions, forceful exertions, and repetitive motions.  
Each company must custom design an ergonomic system to their operation 
identifying the ergonomic exposure, creating policy, utilizing tools, and 
evaluating the implementation of those tools.  Therefore, the knowledge gained 
through this literature review will help to identify the components of analysis 
tools to determine the ergonomic risk factors that will be included in the tools 
themselves at XYZ Company.       
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CHAPTER THREE 
Methodology 
 
Introduction 
The purpose of the methodology is to explain the process through which 
this study was conducted.  To accomplish the study objectives, the following 
methods were used to obtain information. 
I.  Review of Literature  
 The selected and relevant ergonomics literature was reviewed to obtain 
current information pertaining to work-related musculoskeletal disorders.  The 
general working knowledge of the ergonomic risk factors associated with the 
cumulative trauma disorders will be essential to identify a viable practical 
solution.  Recognized authors in the ergonomics profession wrote the journal 
articles and periodicals reviewed in Chapter II.  It was necessary to review the 
literature in orderly fashion to confirm the need for an assessment tool. 
II.  Reviewing Available Records 
The review of available records identified the types of injuries that 
employees experienced while performing job tasks.  These injuries/illnesses 
resulted in workers’ compensation costs.  Information was obtained from:  
 The review of OSHA 200 logs to identify the types of incidents that were related 
to ergonomic hazards that resulted in injury/illness, damage or loss. 
The review of Workers’ Compensation records was used to determine the 
incurred cost from each individual claim that involved cumulative trauma 
disorders in the workstation assembly line.  These claims included:  temporary 
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total disability, permanent total disability, temporary partial disability and 
permanent partial disability. 
The review of Employee Incident Report Form was used to identify:  the 
types of work-related injury/illness; departments where accidents occurred; and 
information related to causes of accidents and near misses.  The results of this 
information will be used to determine risk exposure levels, and will be the basis 
of development for appropriate analytical tools.   
III.  Development of Ergonomic Task Hazard Assessment Tool and Use 
 After reviewing available records, an assessment tool was developed to 
aid in the documentation of risk factors related to ergonomic injury/illness and 
workstations. 
A.  Determine ergonomic risks by performing a worksite assessment 
1.  Perform a task hazard assessment 
a. Document all task elements required to accomplish the job 
b. Document all specific job essential functions, workstation 
design, and work equipment.     
2.  Perform ergonomic risk factors assessment 
a. Document all ergonomic exposures, and prioritization of risk 
factors associated with each task element of the job. 
  
 
IV.  Development of Worksite Checklist Tool and Use 
The Worksite Checklist tool was modified from Vern Putz-Anderson book 
entitled “Cumulative trauma disorders” use for prediction of cumulative trauma 
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disorders and developed with an understanding of musculoskeletal disorders 
related to physical work that included body part and workstation risk factors.   
A. This tool helped to reinforce the task hazard assessment tool, and   
provide management with information to work on improving the 
workplace.   
B. The Worksite Checklist requires employees to rank the potential 
ergonomic stress that is experienced during the course of performing a 
task.  The worksite checklist includes: 
1. The body part risk factors: neck and shoulder, hand, wrist, and 
arm, back/torso, lower extremities.   
2. The workstation risk factors: manual material handling, 
workstation, hand tool, administration, and engineering.   
After review of completed Worksite Checklists, the resulting information 
is essential to extrapolate the recommendations leading to corrective actions for 
ergonomic injury/illness prevention and elimination. 
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CHAPTER FOUR 
 
Results and discussion 
Introduction 
This chapter will discuss the findings that were discovered through the 
research process.  The purpose of this study was to generate ergonomic tools used 
to evaluate workstation design from an ergonomic perspective.  This will assist in 
identifying the risk factors that have contributed to cumulative trauma 
injuries/illnesses of the operators leading to corrective actions by XYZ Company.  
The objectives of the study were: 
1. Determine the hazard risk element related to ergonomic injuries. 
2. Develop analysis tools for ergonomic injuries related to assembly line 
workstations. 
3. Identify the protocol for analysis tool use. 
Determination of ergonomic risk factors/task hazard assessment 
 
In order to define ergonomic risk factors, task hazard assessment should 
be performed to identify areas of the workstation that will have an effect on safety 
by evaluating the ergonomic hazards associated with the job tasks.  The task 
hazards assessment was used to identify unsafe work practices by observing 
employees perform each individual job task.  It also included talk-through with 
workers in each workstation and walk-through the completion of an ergonomic 
task hazard assessment.  The following workstations were addressed: 
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PVM1000/2000-Bundle Station & Workstation # 1  
 
The bundle station required employees to reach for parts from the top and 
bottom racks to complete the job.  The worker was exposed to the following 
potential risks:  repetitive bending of neck, and flexion and extension of the 
shoulder.  See figure 1.0, both a & b in Appendix C. 
Workstation #1 was very cramped, continued reaching for parts, no screw 
feeder for smaller screws so it was done by hand.  When workers assembled the 
unit, some of the workers grasped the tray of parts from the conveyor by one 
hand.  See figure 2.0, both a & b in Appendix C.  This is repeated reaching 
motions, deviating of the wrist from side to side, and a muscle activity to hold the 
tray.  The performance of repetitive static muscle contraction increases the risk of 
carpal tunnel injury.   
PVM-1000/2000-Workstation #2  
 
When workers assembled 2000 color unit, they inserted back cover, power 
supply, daughter board, seven stands off, and drivers operation.  See figures 3.0, 
4.0, and 5.0 both a & b in Appendix C.  The performance of these activities 
required workers to have awkward wrist posture, repetitive motion on trigger 
finger, twisted back, and twisted neck.  In addition, workers used index finger to 
pull up on a tab on enclosure to ensure good connection to display.  See figure 
6.0, both a & b in the Appendix C.  These activities could contribute to soft tissue 
irritation in the hand, wrist, and neck. 
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PVM-1000/2000 Hi-Pot 
 
 The performance of this work task required workers to hold unit on arm, 
and bend forward at the waist to place it in Hi-Pot machine.  When workers held 
unit on arm, it created force on employees’ arm.  See figure 7.0, both a & b in 
Appendix C. This activity could contribute to cumulative soft tissue irritation in 
the upper arm.  In addition, the forward bending with load greatly increases spinal 
disc pressures and posterior spinal structures are stressed. This was a repetitive 
task, as every unit was placed in the Hi-Pot tester.  
PVM-1000/2000 Down Load  
 
Occasionally, workers hold the unit on their arm and they lean forward to 
be able to place the unit in the down load tester.  Performing this task required 
forceful exertion on arm, elbow, and shoulder, along with pressure exertion.  
Forceful exertion on arm with pressure increases the risk of overexertion injury in 
the upper arm.  In addition, forward bending with pressure increases the risk of 
overexertion injury in the low back. 
PVM-1000/2000 Final Test 
 
When workers performed touch test on touch screens, the performance of 
this test required sustained index finger force to activate the touch screen, in 
addition to an awkward shoulder posture.  See figure 8.0, a in Appendix C.  Both 
of these activities could contribute to cumulative trauma disorders.  Once the final 
test was completed, the workers had to use a manual screwdriver to adjust the 
screw of the connector.  These work tasks required repetitive finger motion and 
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awkward wrist posture.  Both of these activities could contribute to cumulative 
soft tissue irritation.  See figure 8.0, b in Appendix C. 
PVM-1000/2000 scanning, cables, and memory cards 
 
The work performed required workers hold the unit unilaterally.  This 
position must be assumed on every unit that enters the final test and down load 
areas.  This required spinal flexion, lateral bending, and a static muscle activity to 
hold the unit.  The performance of repetitive static muscle contraction increases 
the risk of cumulative tissue damage in the spine, wrist, elbow and shoulder.  See 
figure 7.0, both a & b in Appendix C. 
PVM-1000/2000 Retrieving data printouts 
 
The placement of these printouts under the conveyor required workers to 
stoop to access the printouts.  Stooping increases pressure in the lumbar discs. 
Develop ergonomic analytical tools 
 
Although XYZ Company has an annual task hazard assessment and ergonomic 
procedures; they do not appear to provide adequate assessments.  Faulty analytical 
tools may be a contributor to inaccurate and misguided changes in the workplace, 
since they incorrectly ignore critical information.  Consequently, Company XYZ 
employees are at heightened risk of developing ergonomic-related injuries as a 
result of an inadequate workstation assessment tool. 
Therefore, an Ergonomic Task Hazard Assessment (ETHA) tool was developed to 
identify and quantify ergonomic injuries/illnesses.  The assessment or evaluation 
should produce information of essential function that document and determine 
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hazard risk exposures of the job tasks.  In addition, ETHA tool can help determine 
how likely it is that the hazard will result in injury/illness, damage or loss.  It will 
also indicate the ranking of importance when control measures are to be 
implemented and risk assessment record/control schedule.  The assessment form 
includes pertinent areas that need to be addressed for successful control factors 
determination, and corrective actions that will be made.  See Appendix A. 
Furthermore, a Worksite Checklist was developed to emphasize the identification of the 
combination of body risk factors that occur most frequently in the workstations, 
and those associated with the high magnitude of risk.  The worksite checklist was 
divided into two parts: body part risk factors and workstation risk factors.  Within 
each of the parts, risk factors are assigned scores that increase with duration of 
exposure to each risk factor.  To utilize the worksite checklist, the evaluation of 
the work task or job determines which, if any, risk factors are present and for how 
long each day the worker is exposed to each risk factor.   See Appendix B. 
Identify the protocol for analysis tools use 
1. Ergonomic Task Hazard Assessment 
There are three identified steps that can be used for the Ergonomic Task Hazard 
Assessment.  These included: 
1. The description of each ergonomic exposure severity and probability 
which should be categorized during risk estimation in accordance with 
the description of table 1.0. 
Levels ity Description Levels Probability Description 
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(5) Catastrophic:  Death (5) Frequent:  Likely to 
occur daily to weekly 
(4) Severe:  May result in severe 
injury/illness in lost workdays 
(4) Probable:  Likely to 
occur weekly to monthly 
(3) Serious:  May result in 
injury/illness requiring medical 
treatment or work restrictions 
(3) Occasional:  Likely to 
occur once a year 
(2) Minor:  May result in 
injury/illness requiring First Aid 
treatment 
(2) Remote:  Unlikely but 
possible to occur in life of 
equipment or process 
(1) Negligible:  Will not result in 
injury/illness.  Consistent with 
good health and safety 
management practices 
(1) Improbable:  So unlikely 
that it can be assumed 
occurrence may not be 
experienced 
Table 1.0 Ergonomic hazard severity and probability categories 
2. An Ergonomic Risk Classification Table for the system shall be 
produced in the format of the example shown in table 2.0.  The risk 
level matrix table shows each ergonomic risk hazard assessment 
category and the likelihood of probability and severity.  The combined 
probability and severity risk levels shown in table 3.0 prioritized the 
proposed corrective action.  
a. Prioritizing the risk: 
! Rank the risk by probability:  Determine how likely it is 
that the ergonomic hazard will result in injury/illness, 
damage or loss; 
! Rank the risk by its severity:  The potential injury/illness, 
damage or loss; 
Class Risk Level Critical Level 
Class A – Extremely High Corrective Action Called for immediate (Urgent). 
Class B – High Priority Start corrective action immediately & correct within 30-60 
days. 
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Class C – Moderate Start corrective action & correct within 90-120 days. 
Class D - Recommended Ensure safety rules and/or engineering protection are in place. 
Table 2.0 Ergonomic Risk Classification Descriptions 
Risk Levels Frequent 
5 
Probable 
4 
Occasional 
3 
Remote 
2 
Improbable 
1 
Catastrophic 5 A A A B D 
Severe 4 A A B C D 
Serious 3 A B C D D 
Minor 2 C C C D D 
Severity Level Negligible 1 D D D D D 
Probability Level 
Table 3.0 Risk Level Matrixes 
3. Task Assessment involved employees in all phases of the analysis 
from observing the steps of the job to evaluating potential hazards, 
then recommended solutions.  The completed ETHA breaks the job 
down into six basic sections: 
a. Essential Functions – provides a detailed analysis that breaks 
down the job into individual task steps. 
b. Exposure to risk factors – includes the ergonomic risk factors 
such as force, posture, repetition, duration, and vibration/other. 
c. Task Elements – assesses the ergonomic hazards associated 
with particular tasks or jobs and to identify all likely hazards 
during the period of time that workers performed each job task. 
d. Exposure – identify all ergonomic hazards that workers may be 
exposed to the task step of the job and analyzes tools, 
equipment, or other hardware involved in the work process. 
e. Risk Estimation – conduct to determine the hazard severity, 
probability, and criticality targets shown in tables 2.0 and 3.0. 
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f. Control Factors – identify the prevention and control method 
for each identified ergonomic hazard (e.g., engineering, 
administrative, PPE, training and other). 
2. Worksite Checklist 
The following is a guide on how to use the Worksite Checklist.  All components of the 
Worksite Checklist should be filled out for each question that may develop 
potential ergonomic risk factors associated with the job or task to ensure that a 
full analysis has been performed. 
STEP 1 – Worker Familiarity with the Worksite Checklist 
 This step in the Worksite Checklist process was to familiarize the 
employee with the task and workstation analysis, to ensure that workers 
understand and are able to answer the potential risk factors questions based on 
body part and workstation risk factors. 
1. Body part risk factors included: 
a. Neck and Shoulder 
b. Hand, Wrist, and Arm 
c. Back/Torso 
d. Lower Extremities 
2. Workstation Risk Factors included: 
a. Manual Material Handling 
b. Workstation 
c. Hand Tool 
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d. Administration and Engineering 
STEP 2 – Determination of Risk Level 
 This step within the worksite checklist analysis was to rate what risk level 
that worker was being exposed to over the course of work based on the Grading 
Risk Levels interpretation.  The worksite checklist was divided into columns and 
the worker fills out the column with the title Potential Risk Factors.  The potential 
risk factors column contains simple yes/no questions, requiring worker to answer 
whether or not the worker was being exposed to the various risk factors described 
in each row.  Workers are to put check marks in the appropriate “Yes” and “No” 
Column.  Workers should be ensured that they have read and understand the 
Potential Risk Factors and Grading Risk Levels definitions before they attempt to 
answer the questions.  The Grading Risk Levels description is on a 0 to 5 scale: 
0. Negligible: Will not result in injury/illness.  Consistent with good 
health and safety management process. 
1. Improbable: So unlikely that it can be assumed occurrence may not 
be experienced. 
2. Remote: Unlikely but possible to occur in life of equipment or 
process. 
3. Occasional: Likely to occur once a year. 
4. Probable: Likely to occur weekly to monthly. 
5. Frequent: Likely to occur daily to weekly. 
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 Once workers have addressed all of the potential risk factors by putting 
check marks in the “Yes” or “No” and risk levels columns, then they can add the 
scores based on the grading risk levels in the last column of each body part and 
workstation risk factors. 
STEP 3 – Totaling Worksite Checklist Scores 
 This step in the worksite checklist was to determine the Total Scores for 
the body part and workstation risk factors.  All that was required here was to add 
up the score at the last column together and record the total at the bottom of the 
worksite checklist.  Once employees know the total scores, they should compare 
their scores to the scoring result to define whether the worksite was healthy or 
not.   
A maximum possible risk level score was assigned to each question and subgroup.  A 
weighed risk level up to 5 was used to determine each subgroup total.  The sum of 
all possible points weighted scores on the worksite checklist total to 295 possible 
points.  The raw scores on the farthest right column should be added together.  A 
score ranging from 0 and 150 represent good and effective ergonomic design 
which is 50 percent or less.  The higher the score and the higher the percent 
reflects poor ergonomic design and management.  A score of 151 to 210 or 71 
percent would reflect some ergonomic design and management but still requires 
some major changes.  The scores 211 to 295 or 88 percent reflect inadequate 
workstation design in ergonomic that management needs to emphasize the 
following regarding employees:  health and safety as a line-management 
  
51
responsibility, evaluation of facility performance against the safety, health plan on 
a monthly basis, and accountability of department to achieve ergonomic 
objectives.  The worksite checklist may be found in Appendix B that will not 
identify every risk factor that was associated to all employees but will direct to 
each individual employee, where needed, into a further detailed ergonomic 
assessment. 
Summary 
Although XYZ Company has an annual task hazard assessment and 
ergonomic procedures; they do not provide adequate assessments of ergonomic 
exposures.  The supervisors and upper management lack the knowledge related to 
the critical work methods and practices, and the process sheets that should be 
followed by employees.  Moreover, they may not know their employees’ 
exposure conditions and concerns, which is critical for developing an 
ergonomically sound program. 
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CHAPTER FIVE 
 
Summary, Conclusions and Recommendations 
 
Introduction 
 
 This chapter will summarize and recapture the findings that were 
discovered through the research process.  Furthermore, this chapter will make 
suggestions on how to improve the working conditions at XYZ Company.   
Summary of Study 
 
 The study was designed to generate ergonomics analytical tools to help 
XYZ Company identify and quantify cumulative trauma disorders.  Since XYZ 
Company expanded from a smaller dependent plant to an independent plant, jobs 
expanded and along with this growth; employees began to encounter ergonomic 
hazards.  Through the literature review, walk-through assessment, and task 
analysis there was a need to have a tool that would be useful in prioritizing 
ergonomic exposures.  Thus, an analytical and a checklist tool was developed to 
help XYZ Company prioritize their ergonomic issues.            
Restatement of the Problem 
 
 Although, XYZ Company has an annual task hazard assessment procedure 
and ergonomics analysis procedures, accidents/incidents still occur.  There were 
several accidents occurring in a short period of time that required medical 
treatments and were costly.  The purpose of this study was to generate ergonomic 
analytical tool used to evaluate workstation design.  The tool will be critical in 
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helping XYZ Company correct the risk factors that have contributed to 
cumulative trauma disorders of the operators.  The goals of this study were: 
1. Determine the hazard risk element related to ergonomic injuries. 
2. Develop analysis tools for ergonomic injuries related to assembly line 
workstations. 
3. Identify the protocol for analysis tool use. 
 Methods and Procedures 
 The methods and procedures used for this study included the review of 
literature, the review of available records, the development of ergonomic task 
hazard assessment tool, and the development of worksite checklist tool.  The 
review of literature was important because it provided current ergonomics 
information that was needed to determine the hazards risk and develop an 
accurate tool that was helpful for XYZ Company.  The review of available 
records helped to determine the areas where the employees experienced more 
ergonomic hazards and what types of injuries/illnesses were most costly.  This 
information was vital for the development of the analytical and worksite checklist 
tool.     
Major Findings 
 
 After careful review of the literature, the available records, and walk-
through performance assessment, it was discovered that XYZ Company lacked 
some vital tools to help them track and document ergonomic exposures that has 
contributed to CTDs.  From the data and information gathered through the process 
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above, an Ergonomics Tasks Hazard Assessment and Worksite Checklist tool was 
developed to help XYZ determine and document the potential ergonomic risks.  
These two tools when used appropriately and when corrective actions are taken as 
needed, the result will be less traumatic ergonomic problems.   
Conclusion 
 The following conclusions were identified for XYZ’s ergonomic program.  
The analytical tools generated will allow them to increase their efforts in analysis 
and have a better chance for success in the implementation of their ergonomic 
system: 
1. Ergonomic Task Hazard Assessment 
2. Worksite Checklist 
Suggestions for the proper implementation of the Ergonomic Task Hazard 
Assessment and Worksite Checklist will be discussed in the following 
recommendation section. 
Recommendations Related to This Study 
 
 The following recommendations are presented to coincide with the 
conclusions developed from this study: 
1.   First of all, it is recommended that XYZ Company adopt these tools to help 
implement their ergonomic programs.  In addition, these tools will help them 
identify and quantify any potential ergonomic risk factors.  Thus, corrective 
actions can be taken to reduce or eliminate the potential ergonomic risk factors 
that might contribute to cumulative trauma disorders.      
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2.  The training of all appropriate employees such as production 
supervisor, ergonomic task team, and safety task team to use the 
Ergonomic Task Hazard Assessment and Worksite Checklist tool is 
necessary.  It is important for them to identify and quantify the 
potential ergonomic risk factors that they experience in the work 
process.     
3. Once the Ergonomic Task Hazard Assessment tool is implemented, it 
should be monitored very closely especially the first few years, 
because it is the main tracking and assessment tool for the ergonomic 
system.  In addition, Ergonomic Task Hazard Assessment tool changes 
the way workers think about safety, causing them to be more careful 
and proactive in ergonomic risk hazard awareness.   
4. Upper management should visit and/or analyze individual 
workstations, and witness work in progress to identify any ergonomic 
hazards that can contribute to CTDs.  This is because the Ergonomic 
Task Hazard Assessment allows them to assign a risk level to the 
individual workstation, and write a description of the step that must be 
taken to propose corrective action.   
5. Engineering controls shall be the first choice for prevention and 
control since it will last longer once the modification has been made.   
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6. When engineering controls are not feasible, a combination of work 
practice controls, personal protective equipment, and administrative 
control can be used. 
7. The Worksite Checklist tool should be given to appropriate employees 
when it is first implemented and when there is a change in the 
workstations, whether it has been modified, or new.  Upper 
management should follow closely with the Worksite Checklist tool.  
This will provide management vital information on potential 
ergonomic problems. 
8. Appropriate record keeping and documentation should be developed 
for individual employees and kept in their files.  This provides 
management as well as employees with concrete and visible 
documents to verify when an accident/incident does occur.  It will be 
helpful for employees and management to know what caused the 
injury/illness and why.   
9. Finally, when these two tools are modified to fit the work of the 
company or when new analytical tools are introduced, management 
should again train appropriate workers on how to use the tools 
accurately. 
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Appendix A 
SAMPLE ERGONOMIC TASK HAZARD ASSESSMENT  
Ergonomic Task Hazard Assessment (ETHA) 
 
Dept.:_PVM1000/2000_         Task/Job:   Workstation # 1 &2, Hi-Pot, Down Load, & Final Test____         Job Duration:__4 hours__                         Shift
Company:   XYZ                 Job Analyst:  Chou Lor                                  Date:  7-19-2000                     Goal: 15-20 units per hour              
       Initial                      Periodic                             Change                                        Follow-Up 
SEVERITY LEVELS DESCRIPTION PROBABILITY LEVLES DESCRIPTION 
(5) - Catastrophic:  Death. 
(4) - Severe:  May result in severe injury/illness resulting in lost workdays. 
(3) - Serious:  May result in injury/illness requiring medical treatment or work 
restrictions. 
(2) - Minor:  May result in injury/illness requiring First Aid Treatment. 
(1) - Negligible:  Will not result in injury/illness.  Consistent with good health & 
safety  management practices. 
(5) - Frequent:  Likely to occur daily to weekly. 
(4) - Probable:  Likely to occur weekly to monthly. 
(3) - Occasional:  Likely to occur once a year. 
(2) - Remote:  Unlikely but possible to occur in life of equipment or process. 
(1) - Improbable:  So unlikely that it can be assumed occurrence may not be experienced
RISK LEVELS Frequent 
5 
Probable 
4 
Occasional 
3 
Remote 
2 
Improbable 
1 
Catastrophic 5 A A A B D 
Severe 4 A A B C D 
Serious 3 A B C D D 
Minor 2 C C C D D 
  
SEVERITY LEVEL 
Negligible 1 D D D D D 
 Risk 
Level:  
Critical Level: 
TASK 
ASSESSMENT 
 Risk Factors Risk 
Estimation Factors 
A – Extremely High 
B – High Priority 
C – Moderate 
D - Recommended 
➢ Corrective Action Called for immediate (Urgent). 
➢ Start corrective action immediately & correct within 30-60 days. 
➢ Start corrective action & correct within 90-120 days. 
➢ Ensure safety rules and/or engineering protection are in place. 
 
 
Essential 
Functions: 
 
Force 
Posture 
Repetitive 
Other Task Elements: Exposure: 
Severity 
Probability 
Criticality 
ENG. 
Control 
Control
x x x  Getting parts from top racks Painful cramps in the shoulder & neck 4 3 B x 
Getting parts from bottom racks Pain in the neck & lower back 3 3 C x 
Grasped the tray from conveyor Stressful ulnar deviation 4 4 A x 
Inserting all cables, gaskets, & adopter Pressure on thumb, repetitive wrist motion 3 4 B  
• TASK 1 
 
Bundle Station 
& 
Workstation #1 
    
Drivers & air hose operation Repetitive wrist motion, ulnar deviation (Holding 
retractors) 
4 3 B x 
x x x  Inserting back cover, cables, 7 
stands off 
Pressure on thumb, repetitive wrist motion 3 3 C  
Inserting daughter board, retainer pad Repetitive fingers motion 2 2 D  
Finger pull up on tab on a enclosure Forceful & repetitive finger motion 4 4 A x 
Inserting port shell Awkward wrist posture 2 2 D  
Torque or driver operation Repetitive wrist motion, ulnar deviation (Holding 
retractors) 
4 3 B x 
• TASK 2 
 
 
Workstation #2 
    
      
x x x  Holding unit on arm Stresses on arm and shoulder 4 3 B x 
Scanning unit on arm Awkward wrist posture 2 2 D  
Cable attachment to unit on arm Neck bend on side way 3 3 C x 
Insert memory card into unit on arm Pinch grasp 4 3 B x 
Placing unit into Hi-Pot firm ware Forward bend at waist 4 3 B x 
• TASK 3 
 
Hi-Pot 
 
    
      
• TASK 4 x x x  Holding unit on arm Stresses on arm and shoulder 4 3 B x 
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Scanning unit on arm Awkward wrist posture 2 2 D  
Cable attachment to unit on arm Neck bend on side way 3 3 C x 
Insert memory card into unit on 
arm 
Pinch grasp 4 3 B x 
 
 
Down Load 
    
Placing unit into Down Load Forward bend at waist 4 3 B x 
x x x  Holding unit on arm Stresses on arm and shoulder 4 3 B x 
Scanning unit on arm Awkward wrist posture 2 2 D  
Cable attachment to unit on arm Neck bend on side way 3 3 C x 
Insert memory card into unit on 
arm 
Pinch grasp 4 3 B x 
Placing unit into Final Tester Reaching forward 4 3 B x 
Performing touch screen test Pressure on index finger 4 3 B x 
If test fail, retrieving data print out Stooping increase pressure in the lumbar dics 4 3 B x 
• TASK 5 
 
 
Final Test 
    
Using manual screwdriver to adjust Repetitive finger motion 4 3 B x 
Comments:___________________________________________________________________________________________________________________
____________________________________________________________________________________________________________________________
___________________________________________________________________________________________________________________________
 
 
                             FOLLOW UP SCHEDULED FOR: 
__________________________________________________________________________________________________________________ 
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ERGONOMIC TASK HAZARD ASSESSMENT FORM 
Ergonomic Task Hazard Assessment (ETHA) 
 
Dept.:_                   _         Task/Job:                                           ____         Job Duration:                                                          __                         Shift:__
Company:                                   Job Analyst:                                                Date:                                          Goal: _____________  
       Initial                      Periodic                             Change                                        Follow-Up 
SEVERITY LEVELS DESCRIPTION PROBABILITY LEVLES DESCRIPTION 
(5) - Catastrophic:  Death. 
(4) - Severe:  May result in severe injury/illness resulting in lost workdays. 
(3) - Serious:  May result in injury/illness requiring medical treatment or work 
restrictions. 
(2) - Minor:  May result in injury/illness requiring First Aid Treatment. 
(1) - Negligible:  Will not result in injury/illness.  Consistent with good health & 
safety  management practices. 
(5) - Frequent:  Likely to occur daily to weekly. 
(4) - Probable:  Likely to occur weekly to monthly. 
(3) - Occasional:  Likely to occur once a year. 
(2) - Remote:  Unlikely but possible to occur in life of equipment or process. 
(1) - Improbable:  So unlikely that it can be assumed occurrence may not be experienced
RISK LEVELS Frequent 
5 
Probable 
4 
Occasional 
3 
Remote 
2 
Improbable 
1 
Catastrophic 5 A A A B D 
Severe 4 A A B C D 
Serious 3 A B C D D 
Minor 2 C C C D D 
  
SEVERITY LEVEL 
Negligible 1 D D D D D 
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 Risk 
Level:  
Critical Level: 
TASK 
ASSESSMENT 
 Risk Factors Risk 
Estimation Factors 
A – Extremely High 
B – High Priority 
C – Moderate 
D - Recommended 
➢ Corrective Action Called for immediate (Urgent). 
➢ Start corrective action immediately & correct within 30-60 days. 
➢ Start corrective action & correct within 90-120 days. 
➢ Ensure safety rules and/or engineering protection are in place. 
 
 
Essential 
Functions: 
 
Force 
Posture 
Repetitive 
Other Task Elements: Exposure: 
Severity 
Probability 
Criticality 
ENG. 
Control 
Control 
          
      
      
      
• TASK 1 
 
 
    
 
 
     
          
      
      
      
      
• TASK 2 
 
 
 
    
      
          
      
      
      
      
• TASK 3 
 
 
    
      
          
      
      
      
      
• TASK 4 
 
 
 
    
      
          
      
      
      
      
      
• TASK 5 
 
 
 
    
      
Comments:___________________________________________________________________________________________________________________
____________________________________________________________________________________________________________________________
___________________________________________________________________________________________________________________________
 
 
                             FOLLOW UP SCHEDULED FOR: 
__________________________________________________________________________________________________________________ 
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Appendix B 
SAMPLE WORKSITE CHECKLIST TOOL 
 
 
Worksite Checklist  
 
Company Name:   XYZ                       Date: 07-19-2000                               Time: 9:30AM                                                       Shift: 1st          
Department Name:  PVM-1000/2000       Workstation#/Job Name: Station # 1 &2, Hi-Pot, Down Load, Final Test, Pack Station     
Brief Description of Specific Task:: The over all of the PVM-1000/2000 assembly line workstations 
 
Instructions:  This Worksite Checklist has 2 parts: 
# Please answer the following potential risk factor questions by rating on the risk level column and put a check mark in the 
appropriate box of the “Yes” or “No” column.  Total the score after the risk level column been filled. 
# The  Risk Levels description: 
0. Negligible:  Will Not result in injury/illness.  Consistent with good health & safety management process. 
1. Improbable:  So unlikely that it can be assumed occurrence may not be experienced. 
2. Remote:  Unlikely but possible to occur in life of equipment or process. 
3. Occasional:  Likely to occur once a year. 
4. Probable:  Likely to occur weekly to monthly 
5. Frequent:  Likely to occur daily to weekly 
 
The work relatedness of musculoskeletal disorders Physical Work risk factors. 
 
 
BODY 
PART RISK 
FACTOR 
 
POTENTIAL RISK FACTORS 
 
 
 
    
Yes/No 
RISK 
LEVELS 
0-1-2-3-4-5 
 SCORE 
Does your neck have repeated flexion, and extension? X  5 
Is your neck positioned in a neutral position while performing work task? X  5 
Do you often repeat overhead reaching? X  5 
Do you work with your hands at or above chest level?  X 3 
Do you hold or carry materials (550/600, 900/1000 terminals, etc.) on your arm(s)? X  5 
Do you force components or work objects in order to complete a task? X  5 
 
 
 
Neck & 
Shoulder 
 
Do you reach or hold your arms in front of or behind your body (e.i., using a keyboard, filing, 
handling parts, performing inspection tasks, pushing or pulling carts, etc.)? 
X  5 
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Does your wrist bent (extension, flexion, side to side) while you are working? X  5 
Do you apply pressure or hold an item/material/tool (i.e., screw driver, air gun, etc.) in your 
hand for longer than 10 seconds at a time? 
X  5 
Do you perform a series of repetitive tasks or movement during the normal course of your 
work (i.e., folding box, using screw driver to assemble unit)? 
X  5 
Do you use tool(s) that have vibration on your hand(s) and arm(s)? X  5 
Does the design of the work task reduce or eliminate raising elbows?  X 3 
Do you squeeze or pinch work objects with a force similar to that which is required to pull up 
on tab on enclosure to ensure good connection to display? 
X  5 
Is finger-pinch gripping used while performing work task? X  5 
Do you use your fingers to remove unit from the trays? X  5 
Does your wrist have awkward posture while assembling PV550/600, PV900/1000? X  5 
Do your job require finger(s) to press/touch the terminal’s screen while testing? X  5 
Do you perform activities with hands raised above shoulder height?  X 4 
Are the hands and arms free from sharp edges on work surfaces? X  5 
 
 
 
 
 
 
 
Hand, Wrist 
& Arm 
Does your work task require you to twist your forearm(s), such as turning a screwdriver? X  5 
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Does the design of the primary task reduce or eliminate bending or twisting of the back or 
trunk? 
 X 5  
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Do you perform activities while bending or twisting at the waist? X  5 
Do you lift or lower objects between floor and waist height? X  5 
Do you lift, lower, or carry large objects (pallets, PV terminals, etc.)? X  5 
Is any twisting of the trunk involved? X  5 
 
Back/ 
Torso 
Do you repeated bending your back (e.i., forward, backward, to the side or twist) in the 
course of your work task)? 
X  5 
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Do you have an awkward leg/knee posture while performing work task? X  2 
Are you able to sit with the knees in a comfortable position? X  4 
Are you free of uncomfortable pressure points, obstructions, or other interference in the 
lower extremities? 
X  1 
Do you stand continuously for periods of more than 30 min.? X  5 
 
 
Lower 
Extremities 
 
Is there a full range of motion and adequate legs room under your work bench? X  3 
 
 
 
15 
Checklist For General Workstation Risk Evaluation 
Are materials or parts moved over minimum distance? X  5 
Do you have to lift more than 20 pounds often? X  5 
Do you feel comfortable to ask your co-workers help you to lift heavy materials? X  5 
Are materials stored at waist height?  X 1 
Is help available for heavy or awkward lifts when you needed? X  5 
Do you pull a full pallet with finishing units to the shipping area? X  5 
Are items or units held in one hand while being worked on? X  5 
Are parts such as screws, Keypad, memory card, etc. easy to grasp? X  2 
Does maintenance department fix tools, machines, testers, etc. as soon as you need? X  4 
 
 
 
 
Manual 
Material 
Handling 
Have you been trained in correct handling and lifting heavy materials or parts?  X 5 
 
 
 
 
 
42 
Does the work area allow for full range of movement? X  4 
Is the workbench adjustable? X  5 
Do the workstation design and job requirements cause non-neutral body positions to be held 
constant for extended periods of time? 
X  5 
Is it a good location for the printers at final test stations?  X 2 
Do you agree that the Hi-Pot, Down Load, and Final Test stations are designed well to suite 
you? 
X  3 
 
 
 
Workstation 
Can fixtures be utilized to ease assembly? X  5 
 
 
 
24 
Are tools selected to limit or minimize exposure to excessive vibration, force, bending or 
twisting the wrist, finger pinch grip, and problem with trigger finger? 
 X 4 
Are the tools such as drivers less than 9 pounds? X  5 
Do you wear gloves to anti-vibration when you use drivers while performing work task?  X 0 
Does your company provide the right tools for the right job? X  2 
Does tool or driver vibrates excessively? X  4 
Do you use of hand tools such as manual screwdrivers, torque or drivers, etc. place the 
wrist in an awkward posture? 
X  5 
 
 
 
 
Hand Tool 
Are the handles of tools that you are using extend past your palm? X  5 
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Is there job rotation or substitution of tasks which require a different type of activity where 
posture, force, and repetition hazards have not been addressed? 
 X 1 
Is there a review all jobs regularly to verify that proper work practices are utilized?  X 2 
Do you follow your process sheet while performing job task? X  4 
Do you know there is a review work techniques to ensure risks are reduced? X  5 
 
 
Admin. & 
Engineering 
Have you received through ergonomic training? X  5 
 
 
17 
                                             Total 
Score:  238 
Scoring the results: 
 
The lower the score, the healthier the workplace (in opinion). 
 
Total under 150: The management provides line with insight, knowledge, and techniques for managing their ergonomics responsibilities as 
effectively as they manage production, quality, costs and personnel relations. 
 
Total 151-210: The management may need to improve the ergonomic design in the working environment and assure that all employees 
with responsibilities related to ergonomics receive periodic training and/or work practice. 
 
  
64
Total 211-295: The management needs to emphasize the following regarding employees: 
! Health and safety as a line-management responsibility,  
! Evaluation of facility performance against the safety, 
! Health plan on a monthly basis, 
! Accountability of department to achieve ergonomics objectives. 
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WORKSITE CHECKLIST TOOL 
 
 
Worksite Checklist  
 
Company Name:                                                 Date: ___________               Time: __________                         Shift: ___________        
Department Name:  ___________       Workstation#/Job Name: _____________________________________   
Brief Description of Specific Task:: ______________________________________________ 
 
Instructions:  This Worksite Checklist has 2 parts: 
# Please answer the following potential risk factor questions by rating on the risk level column and put a check mark in the 
appropriate box of the “Yes” or “No” column.  Total the score after the risk level column been filled. 
# The  Risk Levels description: 
6. Negligible:  Will Not result in injury/illness.  Consistent with good health & safety management process. 
7. Improbable:  So unlikely that it can be assumed occurrence may not be experienced. 
8. Remote:  Unlikely but possible to occur in life of equipment or process. 
9. Occasional:  Likely to occur once a year. 
10. Probable:  Likely to occur weekly to monthly 
11. Frequent:  Likely to occur daily to weekly 
 
The work relatedness of musculoskeletal disorders Physical Work risk factors. 
 
 
BODY 
PART RISK 
FACTOR 
 
POTENTIAL RISK FACTORS 
 
 
 
    
Yes/No 
RISK 
LEVELS 
0-1-2-3-4-5 
 SCORE 
Does your neck have repeated flexion, and extension?    
Is your neck positioned in a neutral position while performing work task?    
Do you often repeat overhead reaching?    
Do you work with your hands at or above chest level?    
Do you hold or carry materials (550/600, 900/1000 terminals, etc.) on your arm(s)?    
Do you force components or work objects in order to complete a task?    
 
 
 
Neck & 
Shoulder 
 
Do you reach or hold your arms in front of or behind your body (e.i., using a keyboard, filing, 
handling parts, performing inspection tasks, pushing or pulling carts, etc.)? 
   
 
Does your wrist bent (extension, flexion, side to side) while you are working?    
Do you apply pressure or hold an item/material/tool (i.e., screw driver, air gun, etc.) in your 
hand for longer than 10 seconds at a time? 
   
Do you perform a series of repetitive tasks or movement during the normal course of your 
work (i.e., folding box, using screw driver to assemble unit)? 
   
Do you use tool(s) that have vibration on your hand(s) and arm(s)?    
 
 
 
 
 
 
 
Does the design of the work task reduce or eliminate raising elbows?    
 
  
65
Do you squeeze or pinch work objects with a force similar to that which is required to pull up 
on tab on enclosure to ensure good connection to display? 
   
Is finger-pinch gripping used while performing work task?    
Do you use your fingers to remove unit from the trays?    
Does your wrist have awkward posture while assembling PV550/600, PV900/1000?    
Do your job require finger(s) to press/touch the terminal’s screen while testing?    
Do you perform activities with hands raised above shoulder height?    
Are the hands and arms free from sharp edges on work surfaces?    
Hand, Wrist 
& Arm 
Does your work task require you to twist your forearm(s), such as turning a screwdriver?    
 
Does the design of the primary task reduce or eliminate bending or twisting of the back or 
trunk? 
   
Do you perform activities while bending or twisting at the waist?    
Do you lift or lower objects between floor and waist height?    
Do you lift, lower, or carry large objects (pallets, PV terminals, etc.)?    
Is any twisting of the trunk involved?    
 
 
 
Back/ 
Torso 
Do you repeated bending your back (e.i., forward, backward, to the side or twist) in the 
course of your work task)? 
   
 
   
Do you have an awkward leg/knee posture while performing work task?    
Are you able to sit with the knees in a comfortable position?    
Are you free of uncomfortable pressure points, obstructions, or other interference in the 
lower extremities? 
   
Do you stand continuously for periods of more than 30 min.?    
 
 
Lower 
Extremities 
 
Is there a full range of motion and adequate legs room under your work bench?    
 
Checklist For General Workstation Risk Evaluation 
Are materials or parts moved over minimum distance?    
Do you have to lift more than 20 pounds often?    
Do you feel comfortable to ask your co-workers help you to lift heavy materials?    
Are materials stored at waist height?    
Is help available for heavy or awkward lifts when you needed?    
Do you pull a full pallet with finishing units to the shipping area?    
Are items or units held in one hand while being worked on?    
Are parts such as screws, Keypad, memory card, etc. easy to grasp?    
Does maintenance department fix tools, machines, testers, etc. as soon as you need?    
 
 
 
 
Manual 
Material 
Handling 
Have you been trained in correct handling and lifting heavy materials or parts?    
 
Does the work area allow for full range of movement?    
Is the workbench adjustable?    
Do the workstation design and job requirements cause non-neutral body positions to be held 
constant for extended periods of time? 
   
Is it a good location for the printers at final test stations?    
Do you agree that the Hi-Pot, Down Load, and Final Test stations are designed well to suite 
you? 
   
 
 
 
Workstation 
Can fixtures be utilized to ease assembly?    
 
Are tools selected to limit or minimize exposure to excessive vibration, force, bending or 
twisting the wrist, finger pinch grip, and problem with trigger finger? 
   
Are the tools such as drivers less than 9 pounds?    
Do you wear gloves to anti-vibration when you use drivers while performing work task?    
Does your company provide the right tools for the right job?    
Does tool or driver vibrates excessively?    
Do you use of hand tools such as manual screwdrivers, torque or drivers, etc. place the 
wrist in an awkward posture? 
   
 
 
 
 
Hand Tool 
Are the handles of tools that you are using extend past your palm?    
 
Is there job rotation or substitution of tasks which require a different type of activity where 
posture, force, and repetition hazards have not been addressed? 
   
Is there a review all jobs regularly to verify that proper work practices are utilized?    
Do you follow your process sheet while performing job task?    
Do you know there is a review work techniques to ensure risks are reduced?    
 
 
Admin. & 
Engineering 
Have you received through ergonomic training?    
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                                             Total 
Score:  ____ 
Scoring the results: 
 
The lower the score, the healthier the workplace (in opinion). 
 
Total under 150: The management provides line with insight, knowledge, and techniques for managing their ergonomics responsibilities as 
effectively as they manage production, quality, costs and personnel relations. 
 
Total 151-210: The management may need to improve the ergonomic design in the working environment and assure that all employees 
with responsibilities related to ergonomics receive periodic training and/or work practice. 
 
Total 211-295: The management needs to emphasize the following regarding employees: 
! Health and safety as a line-management responsibility,  
! Evaluation of facility performance against the safety, 
! Health plan on a monthly basis, 
! Accountability of department to achieve ergonomics objectives. 
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Appendix C 
 
FIGURES SHOW THAT WORKER EXPOSED TO RISK FACTORS 
 
(XYZ Company and its employees authorized the use of these photos by the author).    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                  
 
 (a)                                                                        (b)       
Figure 1.0 a. Reaching overhead on top racks for board.  b.  Reaching overhead on top 
racks for parts.    
 
    
 
 
 
 
 
 
 
                                   
 
 
 
 
                 (a)                                                                           (b)          
Figure 2.0 a. Reaching & grasping the tray of parts from the conveyor on one hand. b. Use 
air hose to blow the dust, wrists have awkward posture and neck is bend forward.           
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   (a)           (b) 
Figure 3.0 a. Squeezed back cover to hook up the bezel.  b. Insert stands off 
 
 
 
 
 
 
 
 
 
 
 
    (a)          (b) 
Figure 4.0  a. No screw feeder for smaller screws & it was done by holding screw on hand.  
b. Extension on shoulder and neck bend forward while perform job task. 
 
 
 
 
 
 
 
 
 
 
(a) (b) 
Figure 5.0  a. Extension on wrist and force on thumb & fingers.  B. Trigger finger that 
creates repetitive motion on finger. 
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(a) (b) 
Figure 6.0 a. Force on thumbs & fingers when inserting power supply and daughter board. 
b.  Forces on index finger and thumb while pulling up on a tab of enclosure. 
 
 
 
 
 
 
 
 
 
 
 
(a) (b) 
Figure 7.0 a. Holding unit on arm while scanning it and inserting cards.  b. Inserting cables 
required employee to bend lower back and neck on side way. 
 
 
 
 
 
 
 
 
 
 
(a) (b) 
Figure 8.0 a. Index finger force to activate the touch screen and awkward shoulder posture 
while screen testing.  b.  Using a manual screwdriver to adjust connector that required 
repetitive finger motions and awkward wrist posture. 
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